The structure of mesopredators' communities is complex and results from a multidimensional web of interactions such as top-down and bottom-up regulation or intraguild interactions. However, these interactions may change geographically along species' distribution ranges. The pine marten (Martes martes) and stone marten (Martes foina) are 2 similar-sized mustelids with overlapping ecological traits and a wide distribution overlap. The absence of stone martens from potentially adequate areas has been advocated as resulting from competitive exclusion by pine martens. Particularly, the preference of both species for mammalian rodents could be the main driver of such competitive stress. However, their elusive behavior and morphological similarity of their scats often precluded the evaluation of their ecological traits in areas of co-occurrence. Using camera trapping and diet analysis on genetically identified scats, we evaluated the interactions between pine and stone martens in the southwestern limit of their range along 3 ecological niche dimensions: spatial, trophic, and temporal, under a hypothesis of competitive dominance of pine martens. We found no spatial segregation, and that coexistence was facilitated by seasonally adjusted shifts along the trophic and temporal axes. While both species often co-occurred, during the season of low food resources, pine martens exploited the less profitable feeding resource. Moreover, they not only displayed an activity pattern that limited their access to rodents, but also reduced the probabilities of direct encounters with stone martens. We suggest that the dominance position has changed in favor of the stone marten in our study area, probably as a result of habitat quality and range edge effects. These findings support the relative instability of interspecific interactions among similar-sized species, which should be evaluated using multidimensional and site-specific approaches.
niches (Davies et al. 2007 ). However, cases of sister species with overlapping ecological requirements are frequently found among carnivores in several terrestrial ecosystems (Wilson and Mittermeier 2009) . The pine marten (Martes martes) and the stone marten (Martes foina) are 2 closely related medium-sized mustelids that have extensively overlapping distributions, particularly in Europe ( Fig. 1 ; Proulx et al. 2005; Kranz et al. 2008; Tikhonov et al. 2008) . Although displaying a high distributional overlap ( Fig. 1) and having similar body sizes-≈1.2 kg (López-Martín 2003 Rosalino et al. 2005 )-some morphometric traits allow the discrimination of these species (Loy et al. 2004; Gasilin and Kosintsev 2013) . Particularly, their cranial morphology suggests that the stone marten should be better adapted to hypercarnivory, while the pine marten's skull is suggestive of more diverse feeding habits (Loy et al. 2004) .
In spite of this apparent divergence in chewing apparatus, the pine and stone martens often have overlapping diets (López-Martín 2003; Posłuszny et al. 2007; Zhou et al. 2011) and habitat requirements (Ruiz-Olmo and López-Martín 2001; Proulx et al. 2005; Wilson and Mittermeier 2009) , facts that should increase competitive stress between them. Accordingly, the competitive exclusion principle has been invoked to justify the absence of stone martens from otherwise adequate areas within their potential distribution range (Rosellini et al. 2008b; Balestrieri et al. 2010a) . Therefore, whenever they cooccur, a high potential for competitive interactions is expected. However, given their secretive behavior and the futility in distinguishing their scats based on morphological characteristics (Rosellini et al. 2008b) , the research where both species' ecological traits are simultaneously addressed is scant (Goszczyński 1976; Posłuszny et al. 2007; Balestrieri et al. 2010b) . Noninvasive molecular methods provide a valuable tool for determining species presence and ecology using scats collected in the field, allowing for unambiguous studies on these 2 closely related co-occurring mesocarnivores (Broquet et al. 2006; Ruiz-González et al. 2007; Beja-Pereira et al. 2009 ).
In the Iberian Peninsula (southwest Europe), the stone marten is widespread (Reig 2007; Tikhonov et al. 2008) , while the pine marten is restricted to the northern fringe, comprising the southwestern limit of its European range (Proulx et al. 2005; López-Martín 2007) . In this region, stone and pine martens potentially coexist, therefore, providing a good opportunity to study the strategies of these 2 sympatric species in the southwestern most limit of their distribution range.
In this study, we evaluated the 3 main niche dimensionsspatial, trophic, and temporal-of pine and stone martens. Particularly, we evaluated if the previously reported competitive dominance of pine martens over stone martens would occur in the limit of the former's range. If pine martens outcompete stone martens, we expected this dominance to be expressed over one or more of the main ecological niche dimensions: 1) spatially, 2) trophically, or 3) temporally. Therefore, we predicted that pine martens would be present in their preferred habitats (mature oak woodlands) and stone martens would be present only in suboptimal habitats, such as scrublands and fragmented areas. Further, we predicted that pine martens would preferably explore rodents as their main prey and that stone martens would shift prey toward other feeding resources (such as fruits, arthropods, or carrion). This prediction was supported by the known ecological plasticity (namely at the trophic level) that characterizes the stone marten (Genovesi et al. 1996; Virgós et al. 2010) . Finally, we anticipated that if these species do not segregate over these dimensions (spatial and trophic), temporal partitioning should play a particularly significant role in separating their ecological niches. 
Materials and Methods
Study area.-This work was conducted at Peneda-Gerês National Park (PGNP, Portugal; Fig. 1 ). Diverse types of granitic soils dominate this mountainous area, which reaches 545 meters above sea level. The weather is characterized by a temperate and rainy climate, without a clear dry season (Costa et al. 1998) . The mean annual temperature is 13°C, and average rainfall is above 3,000 mm/year (Vieira et al. 2001; Carvalho and Gomes 2004) , typical of a hyper-humid to ultrahyper-humid ombroclimate (Costa et al. 1998; Rivas-Martínez et al. 2002; Honrado 2003) . Within the PGNP, a study area of approximately 6,000 ha was selected, based on criteria of ecosystem conservation status and logistic factors. This portion included mature forests of European oak (Quercus robur; ~11.5%), whereas there is a prevalence of scrublands (~28.7%) and open rocky areas (~53.6%) at higher elevations (Honrado 2003) . There were no human settlements within the study area, however, the central portion is seasonally (June-August) used for recreational purposes. Wild berries and fruits are mostly available within the forested habitats.
Field sampling.-The study area was sampled in 2 seasons: nonbreeding (October-November), when the offspring of most medium-sized carnivores from that year become independent; and breeding (April-May), during most mesocarnivores' breeding season (Blanco 1998) .
Data were obtained using exclusively noninvasive methods including camera trapping and diet analysis based on genetically identified scats. Briefly, 36 cameras were uniformly spaced in the study area following a grid-sampling scheme, with an intercamera distance of ≈1.4 km, promoting independence while avoiding potential target species' home ranges from being unsampled. Camera traps were maintained in the field for a period of 28-31 days and were inspected for battery or card replacement every 2 weeks. We used a combination of Lynx urine and Valerian extract solution as lures to increase target species' detection probabilities (Monterroso et al. 2011) . The sampling design is more thoroughly described in Monterroso et al. (2011 Monterroso et al. ( , 2013 .
Ten 3-km long transects were established along unimproved roads or trails for active searching of marten scats. Each transect was sampled twice per season: at the beginning of the sampling campaign and after approximately 20 days. Transects were spatially distributed in order to adequately sample all main habitats. Transects were surveyed on foot by trained field technicians who collected all carnivore scats within a bandwidth of 2 m on either side of the transect line. Scats were initially identified in the field based on their location, morphology, dimensions, color, and odor, with the aid of specific field guides (Bang et al. 2007; Iglesias and España 2010) and were collected taking all precautions to prevent genetic contamination. All scats not exhibiting external characteristics of freshness (wetness, shine, and dark color) were discarded. Selected samples preidentified by morphology as belonging to marten species were preserved in ethanol (96%) until DNA extraction. Additional opportunistically collected scats (for instance, at camera trap locations) were also included in this study.
Genetic analyses.-All scats collected were submitted to genetic analysis. DNA extractions were performed with the Qiagen QIAamp DNAStool Mini Kit (Qiagen, Hilden, Germany) according to the manufacturer's instructions in a separate facility, under sterile conditions. Species assignment was performed using 2 diagnostic methods: the interphotoreceptor retinoid-binding protein (IRBP) fragment (Oliveira et al. 2010) ; and the domain 1 of the control region (CR- Palomares et al. 2002) . The IRBP is a nuclear fragment with 221 bp and has 3 variable positions between pine and stone martens, which corresponds to a divergence of 1.4% (K2P evolutionary model). The CR is a mitochondrial fragment with 197 bp with 20 variable positions, corresponding to a fragment divergence of 10.2% (K2P evolutionary model). More detailed information on the fragments and their diagnostic positions can be found in Supporting Information S1. Amplifications, polymerase chain reaction (PCR) conditions, and sequencing procedures follow Monterroso et al. (2013) . Pre-and post-PCR manipulations were conducted in physically separated rooms. Species identification using IRBP followed the variants in Iberian wild carnivores reported by Oliveira et al. (2010) . Aligned CR sequences were compared with the corresponding region of the mitochondrial genome from target species in the GenBank. Both markers were consistently used to increase identification confidence (see Monterroso et al. 2013 ). All molecular identifications were blind, that is, information from morphologic identifications was not available to the laboratory staff. The species identification success was of 26.7% and 90.3% for the IRBP and CR markers, respectively. Both markers provided species identification in 23.5% of the cases, and yielded consistent results.
Diet analysis.-Only genetically confirmed pine and stone martens scats were used for diet analysis. Scats were dried for 48 h at 60°C, and dry weighed. They were then rinsed in 0.5 mm and 0.25 mm sieves until the water was clear. Undigested remains were then separated by type (e.g., hairs, feathers, bones, seeds). Because of their energetic profitability and their potential for driving interspecific interactions between the 2 target species, most vertebrate prey were identified to the finest taxonomic level. Small mammals were identified to the species or genus by analyzing teeth and hair macroscopic and microscopic characteristics using reference guides (e.g., Debrot et al. 1982; Teerink 1991) , and personal reference collections. Larger mammalian prey was identified to the family level-Suidae, Cervidae, Bovidae, and Equidae-by identifying guard hairs' cuticle scale and medulla patterns with reference to Teerink (1991) , and our collection of hair photos. Whenever possible, bird prey were identified to the order level by comparing their bones with own collections of skeletons, and by identifying feathers with reference to Day (1966) . Reptiles were identified to the family level-Colubridae and Lacertidae-based on bone and scale morphology with respect to personal reference collections. Fruits were identified by comparative analysis of their seeds with reference collections obtained from our study area. Other prey were classified in more general taxa: Amphibia, Arthropoda, Gastropoda, Vegetal matter, and Honey. All food remains were subsequently dried for 48 h at 60°C, and dry weighed.
We assessed the martens' diet by estimating the frequency of occurrence (FO) and ingested biomass (g) of each food item (Nilsen et al. 2012 ). The ingested biomass was estimated from the dry mass of each food item (Klare et al. 2011 ) using correction factors developed for pine martens (Lockie 1961; Balharry 1993 ) and for polecat, Mustela putorius (Roger et al. 1991) .
Statistical analysis: spatial partitioning.-Spatial co-occurrence patterns were evaluated using likelihood-based singleseason occupancy models (Mackenzie et al. 2006) with the software PRESENCE 6.0 (Hines and Mackenzie 2013) . We divided our survey periods into 1-week sampling occasions during which detection/nondetection data were recorded. Then, we created species-specific detection histories, allowing us to assess factors that may affect species-specific occupancy and detection.
By assuming pine martens to be the dominant species ( To account for potential heterogeneity in the probabilities of occupancy (ψ) and detection (p), we tested the effect of covariates: distance to nearest water source, habitat availability, prey (order Rodentia) abundance, and season. Rodent availability was assessed for each camera station and period by calculating trap success (TS), defined as number of independent detections per 100 trap-days (Kelly and Holub 2008; Davis et al. 2011) . Because rodent species are difficult to identify given our camera trapping protocol, all rodent species (squirrels, voles, mice, and rats) were clumped into the same category. We considered records of the same species, at the same location, as the same event if obtained < 30 min apart (unless animals were clearly individually distinguishable- Davis et al. 2011) . We reclassified original vegetation maps into 4 dominant habitat types: broadleaf woodlands, coniferous woodlands, scrublands, and open areas. Then, following Long et al. (2011) , we assessed the proportion of each habitat type in 50 m and 800 m radius circles centered in the camera trap locations, corresponding to martens' local and home range scales, respectively (SantosReis et al. 2004; Zalewski and Jędrzejewski 2006) . All continuous covariates were transformed to z-scores (Mackenzie et al. 2006) .
The final covariate set was defined using Spearman's rank correlations (ρ) to test for collinearity among variables, where among the correlated covariates (ρ > 0.70) we kept the 1 with the greatest univariate effect size (β/SE -Zar 2005) .
Following the recommendations of Arnold (2010), we used a sequential modeling approach to find the best model set and discarded uninformative covariates. We started by building a main effects model, followed by a backward-stepwise selection to sequentially eliminate the covariate with the weaker effect size (β/SE). This process was kept until the removal of an additional covariate led to an increase in Akaike's Information Criterion (AIC-Pagano and Arnold 2009). We considered informative covariates those that were included in models within 2 ΔAIC units of the top-supported model (Burnham and Anderson 2002) and whose 85% confidence intervals did not include zero (Arnold 2010 ).
We then modeled the probability of stone martens' occupancy by including the probability of pine marten occupancy (ψ A ) as a potential covariate. We evaluated species interactions by comparing models with and without ψ A (Steen et al. 2014 ). We also investigated the effect of pine martens' presence on stone martens' detectability by evaluating models with and without ψ A as a covariate for detection (Steen et al. 2014 ). We evaluated the candidate models using AIC (Burnham and Anderson 2002) , and model fit was assessed using the overdispersion parameter (ĉ) on the most parameterized model (Burnham and Anderson 2002) . We then used ĉ to correct AIC for small sample size (AIC c ) and for overdispersion (QIAC c - Burnham and Anderson 2002) .
While a species' TS may be a biased proxy of its abundance (Sollmann et al. 2013) , it likely reflects a site's intensity of use. Therefore, we calculated the Spearman rank correlation between pine and stone martens' TS to evaluate if areas intensively used by 1 species would be less used by the other.
To further evaluate the spatial relations between the 2 congeneric species, we analyzed the spatial patterns of their scats. Hence, we evaluated if the mean distance between nearest scats of the same species was significantly different from that of different species using the paired Wilcoxon test. We also used the Fisher's exact test to compare the number of scats of each species collected in each habitat type.
Statistical analysis: trophic ecology.-The seasonal trophic niche overlap between pine and stone martens was assessed using Pianka's index (α-Pianka 1974) . Interspecific differences between the FO of each food item were evaluated using chi-square tests, and between the mean ingested biomass per scat using a 1-way analysis of variance (ANOVA) on logtransformed values (Loveridge and Macdonald 2003) . All analyses were performed in R (R Development Core Team 2008). Overlap analyses were performed using the SPecies Association Analysis package (Zhang 2013) . The estimation of prey selection by predators requires data on consumption and on the availability of such prey. However, because data on prey availability in PGNP were not available, we could not evaluate the selection for feeding resources. Nonetheless, given the comparative nature of our analysis, and assuming that the feeding resources are equally available for both species of martens at any given period, differential consumption between the 2 species was interpreted as related to differential selection.
Statistical analysis: temporal partitioning.-The independent detection records in camera traps were regarded as a random sample from the underlying continuous temporal distribution that describes the animals' diel activity pattern (Ridout and Linkie 2009). The probability density function of this distribution (i.e., activity pattern) was estimated nonparametrically using kernel density estimation (Ridout and Linkie 2009; Linkie and Ridout 2011) .
The temporal segregation between pine and stone martens in each sampling season was evaluated by pairwise comparisons of their activity patterns, performed by estimating the coefficient of overlap Δ 1 (bounded by 0 and 1), as suggested for small sample sizes (Ridout and Linkie 2009; Linkie and Ridout 2011). The precision of this estimator was obtained by computing a SD from 500 bootstrap samples, using the R code provided by Ridout and Linkie (2009) . Additionally, we used the Mardia-Watson-Wheeler test (Batschelet 1981) to compare the distribution of detections across the diel cycle between both species. This analysis was performed using the software Oriana v. 4.01 (Kovach 2011) . Only distributions with ≥ 10 detections were considered (Gerber et al. 2012) .
Because martens are active rodent predators (Zalewski 2005; Zhou et al. 2011 ), we assessed Δ 1 between each marten species and its prey. To evaluate the synchrony between prey and predator activities, we estimated a Pearson's correlation using kernel probability estimates for 512 equally spaced time points along the day (Monterroso et al. 2013) .
results
Spatial interactions.-We recorded 13 and 26 independent pine marten detections in camera traps during the nonbreeding and breeding seasons, respectively. Stone martens accounted for 3 and 11 independent detections in the same seasons. The mean rodent TS was of 18.9 ± 7.0 detections/100 trap-days during nonbreeding season, and 1.2 ± 0.7 detections/100 trap-days during breeding season.
All of the best occupancy models for pine marten included the effect of season (Table 1) , revealing a higher probability of site occupancy during breeding than during nonbreeding season. Pine marten occupancy probability was also positively related to rodent trap success and broadleaf woodlands, which were included in two and one of the top-supported models, respectively (Table 1) . The distance to roads, also included in one of the top-supported models, was considered uninformative (Table 1) .
Four models for stone marten occupancy received high empirical support. Three of them included a positive effect of the probability of pine marten presence (Table 1) . Although being included in some of the top-supported models, rodent TS and the proportion of open areas at the home range scale were considered to be uninformative (Table 1) .
The seasonal evaluation of pine and stone martens' TS revealed a positive but not significant Spearman rank correlation (ρ nonbreeding = 0.23, P = 0.19; ρ breeding = 0.49, P = 0.20). However, when pooling the data from both seasons, the correlation was positive and highly significant (ρ = 0.42, P < 0.01).
A total of 97 scats were genetically identified as pine martens' scats (67 from the nonbreeding, and 30 from the breeding season). The sample of stone marten's scats consisted of 27 and 46 from the nonbreeding and the breeding season, respectively. The spatial pattern of scat locations was congruent with the camera trapping results. The mean nearest interspecific scat distance was 474.3 ± 167.7 m and 114.9 ± 20.3 m in the nonbreeding and breeding seasons, respectively, whereas, for the same seasons, the mean nearest intraspecific scat distance was 217.6 ± 60.0 m and 197.7 ± 36.3 m for pine martens, and 336.6 ± 107.1 m and 212.3 ± 61.8 m for stone martens. The differences between the interspecific and intraspecific nearest neighbor distances were not statistically different for any of the seasons evaluated (W nonbreeding = 174, P = 0.98; W breeding = 610, P = 0.40).
Significant differences between both marten species in the proportion of scats collected per habitat type were detected during the nonbreeding season (Fisher's exact test: P = 0.02). During this season, most pine marten's scats were collected in broadleaf woodlands (50%), coniferous woodlands (26%), and scrublands (19%), while stone martens' scats were mostly detected on broadleaf woodlands (69%), scrublands (12%), and open areas (8%). Such significant differences were not detected during the breeding season (Fisher's exact test: P = 0.07).
Trophic ecology.-Rodents and fruits accounted for ≥ 70% of ingested biomass by both species in both seasons ( Table 2;   Table 1 .-Top-supported models (ΔQAIC c < 2.0) and covariate estimates (β) used to evaluate occupancy patterns and interspecific interactions between pine martens (Martes martes) and stone martens (Martes foina) in Peneda Gerês National Park (PGNP), during the nonbreeding season of 2010 and breeding season of 2011. Model parameters: "ψ" = Occupancy probability; "p" = Detection probability. Model covariates: "." = Constant (i.e., no covariates); "Season" = Seasonal effects (nonbreeding versus breeding season); "Rodent" = Rodent trap success (detections/100 trapping-nights); "Brd" = Broadleaf woodland; "Mxd" = Mixed woodland; "Opn_HR" = Proportion of open areas at the home range scale; "Distance to roads" = Linear distance to nearest road (meters); "Pmarten" = Conditional probability of pine marten occupancy, given the detection history; "ω i " = Model weight; "k" = number of model parameters. Supporting Information S2). Overall, the diets of pine and stone martens were very similar during nonbreeding season (Pianka's indexes: α FO = 0.92; α Biomass = 0.97; Table 2 ). The main rodent species preyed upon during nonbreeding season was the wood mouse (Apodemus sylvaticus), which consisted of 76.0% and 66.4% of the total rodent biomass ingested by pine and stone martens, respectively, with no significant differences in consumption. Also, both species consumed Iberian pear (Pyrus bourgaeana), which consisted of 96.6% and 90.7% of the total ingested fruit biomass by pine and stone martens, respectively, with no significant differences in consumption (Supporting Information S2). However, while the pine marten maintained fairly constant diet across seasons regarding the types of items consumed (interseason: α FO = 0.89; α Biomass = 0.97), the stone marten did not (interseason: α FO = 0.65; α Biomass = 0.42). During the breeding season, stone martens reduced the consumption of fruits, which were significantly less consumed than by pine martens both in terms of frequency and biomass (Table 2) . Fruits consisted of only 10.0% of all biomass ingested by stone martens during breeding season, but consisted of 51.6% of the biomass ingested by pine martens. The near totality of fruits consumed by pine martens during this season consisted of common ivy (Hedera helix), which differed in the diets of the 2 martens both in terms of mean ingested biomass and FO (Supporting Information S2; Biomass: F = 134.8, P < 0.001; FO: χ 2 = 49.46, P < 0.001). While the frequency of occurrence and mean ingested biomass per scat of rodents was not significantly different between stone and pine martens, the percent ingested biomass of this food during the breeding season was higher for stone martens than for pine martens (Table 2) . Also, the mean ingested biomass and FO of wood mice in the diets of the 2 marten species differed significantly during the breeding season (Supporting Information S2; Biomass: F = 11.96, P = 0.002; FO: χ 2 = 8.59, P = 0.01). During this season, wood mice continued to be the rodent species most consumed by stone martens, contributing with 75.7% to the total rodent biomass ingested. However, pine martens preyed more upon voles (Microtus sp.), which consisted of 95.7% of the ingested rodent biomass during this season (Supporting Information S2).
This dietary shift of the stone marten resulted in a lower niche overlap with pine martens during the breeding season (α FO = 0.65; α Biomass = 0.20).
Temporal partitioning.-The pine marten revealed a mainly nocturnal activity pattern, with a tendency for bimodality in the nonbreeding season (Fig. 2) . During this season, pine martens' activity overlapped and was highly synchronized with rodents: Δ 1 = 0.83 ± 0.10; r = 0.91; P < 0.001). The low number of stone marten detections during the nonbreeding season prevented an adequate analysis of activity pattern.
During the breeding season, the pine marten displayed a relatively constant activity pattern, with a peak between sunset and midnight, which contrasted with the strong bimodal nocturnal pattern of the stone marten (Fig. 2) . These differences were supported by a low coefficient of overlap: Δ 1 = 0.49 ± 0.09. However, the Mardia-Watson-Wheeler test failed to detect significant differences in the activity patterns of the 2 marten species (W = 2.12; P = 0.35). During this season, the activity overlap between pine martens and rodents dropped (Δ 1 = 0.61 ± 0.09), as did their synchrony (r = 0.40; P < 0.001). While exhibiting little time overlap with the pine martens, the stone marten revealed a high overlap and synchrony with rodents (Δ 1 = 0.60 ± 0.11; r = 0.57; P < 0.001).
discussion
Spatial interactions.-Our results diverge from the initial prediction of stone martens' competitive exclusion from the most beneficial habitats (Ruiz-Olmo and López-Martín 2001; Rosellini et al. 2008a; Balestrieri et al. 2010a ). In fact, our occupancy models, trap success, and locations of scats suggest that both species tend to co-occur in our study area. This was a surprising result given the widely reported dominance of pine martens over stone martens that fitness decreases toward the edge of a species range (see Sexton et al. 2009 ). In an ecological framework, fitness is defined as "the relative contribution that an individual makes to the gene pool of the next generation" (Townsend et al. 2008 ). However, we were not able to directly assess fitness itself for the target species. Instead, in the context of our study, we used the relative access to resources directly related to fitness (such as space/habitat, time, and key food resources) as proxies of the fitness ratio between both species. The core of pine martens' distribution is in central Europe, where the climate is Atlantic to Continental (European Environmental Agency 2012). However, our study was performed in the southwestern edge of this species' range (Proulx et al. 2005) , in the transition from the Atlantic to the Mediterranean biogeographic region (European Environmental Agency 2012). Although our data do not allow testing of the "abundant centre hypothesis" (Sagarin and Gaines 2002), it is likely that a reduction in pine martens' fitness, resultant from imperfect adaptation to suboptimal local conditions (e.g., types of prey, temperature, or habitat structure) in our study area, could result in a downgrade from its competitive superiority over the stone marten. Additionally, following the limiting similarity principle (MacArthur and Levins 1967), if both species are able to segregate along other niche axes, their competitive stress along the spatial axis may be alleviated, allowing them to co-occur. Furthermore, the lack of support for any habitat covariates in the top-ranked models for both species suggests that stone martens (Rondinini and Boitani 2002; Herr et al. 2009; Virgós et al. 2010 ) and pine martens have enough plasticity in their spatial patterns, to facilitate coexistence (Pereboom et al. 2008; Balestrieri et al. 2010a ).
The close relation we found between pine marten occupancy and rodent availability is not surprising, as rodents are noticeably consumed by pine martens all over their range (de Marinis and Masseti 1995; Zalewski 2005) . Also, the increase in the probability of pine marten occupancy during the breeding season suggests that the low abundance of rodents and other alternative feeding resources (Humphries et al. 1996; Fedriani and Delibes 2009; Monterroso et al. 2013 ) may compel martens to forage over wider areas in order to fulfill their energetic demands (Gittleman and Harvey 1982) . However, seasonal fluctuations in both martens' behavior could also be involved in the occupancy patterns observed, and cloud its interpretation. For example, copulations occur in July-August, but births only occur in March-April due to the delayed implantation of the fertilized eggs (Larivière and Jennings 2009) . Therefore, males' search for females occurs during the "nonbreeding" season (Larivière and Jennings 2009) . It is likely that, given the wider movements of males in this period, they spend less time in each area, hence the mean per site probability of occupancy (that in this case should be interpreted as intensity of use- Mackenzie et al. 2006) should be lower than during breeding season, period when births occur. Also, dispersal and exploratory behavior of juveniles during the autumn (Larivière and Jennings 2009 ) may further affect the overall patterns of occupancy, likely increasing the overall occupancy during this season. Therefore, while our results suggest that the seasonal differences in pine marten occupancy may be related to variations in food availability, these patterns can only be fully understood when accounting for seasonal changes in these species behavior and population structure.
Feeding ecology.-The feeding ecology of pine and stone martens highly overlapped during the nonbreeding season, but diverged when food resources were limited (breeding season). In the same protected area, Carvalho and Gomes (2004) found that mesocarnivore trophic niche converges in the breeding season, due to lower resource availability. We found the opposite pattern. Martens diverge in their trophic niche axis in the presence of limiting resource availability, congruently with a hypothesis of competition (MacArthur and Levins 1967; Schoener 1983) . Stone martens trophic flexibility should provide a higher adaptation capacity to local conditions and hence, under competitive stress, reduce exploitative competition with pine martens (López-Martín 2003) . However, and congruent with the spatial analysis, our results conflict with the prediction of pine martens' competitive dominance over stone martens. If pine martens were clearly dominant, stone martens should shift to less profitable resources under exploitative stress (RuizOlmo and López-Martín 2001; Posłuszny et al. 2007; Rosellini et al. 2008a; Balestrieri et al. 2010a ). However, we found that pine martens reduced the consumption of their staple prey (rodents) in the period of least availability. Although our data on the seasonality of trophic niche similarity concur with that obtained by Posłuszny et al. (2007) in Poland, it contradicts theirs regarding the trophic niche composition in the season of least similarity, suggesting a competitive superiority of the stone marten in our study area.
Activity patterns.-We found pine martens to be mostly nocturnal, with more pronounced daytime activity during the breeding than during the nonbreeding season.
While pine martens are described as primarily nocturnal, crepuscular and daytime activity is frequently recorded (Zielinski et al. 1983; Clevenger 1993; Zalewski 2000 Zalewski , 2001 Monterroso et al. 2014) .
During the breeding season, stone martens exhibited a strongly bimodal nocturnal pattern and strictly nocturnal behavior as described elsewhere in the Iberian Peninsula (Monterroso et al. 2014) . This species has also been described as mainly nocturnal elsewhere (Posillico et al. 1995; Herr 2008; López-Martín et al. 2008; Wilson and Mittermeier 2009 ), but with occasional activity bouts during daytime or twilight (Posillico et al. 1995; Herr 2008; López-Martín et al. 2008) . Still, by concentrating their activity in 2 short periods of the night in our study area, they manage to maintain access to rodent prey (60% frequency of occurrence in scats), while reducing the activity overlap with pine martens.
Given the low availability in food resources' in the breeding season, pine and stone martens could relieve their likely competitive stress by reducing their activity overlap. In our study area, we found a lower activity overlap between pine and rodents than between stone martens and rodents during the period of limiting resource availability, suggesting that stone martens behave congruently with optimal foraging (Brown et al. 1999) , whereas pine martens did not. The reduction in the consumption of rodents by pine martens is accompanied by a reduction in activity pattern overlap and synchrony with them, suggesting that less time may be spent hunting this prey during the breeding season. Regardless of the potential effect of other factors, we observed an unexpected low overlap and synchrony with rodents during the breeding season. Therefore, we suggest that in the food shortage period in our study area, both pine and stone martens may use the temporal axis to reduce their competitive stress.
Integrating the spatial, temporal, and trophic dimensions.-Three main dimensions of the ecological niche are usually involved in interspecific competitive relations-spatial, trophic, and temporal (Schoener 1974) . We demonstrate that the coexistence between 2 ecologically similar species is likely mediated by adjustments over more than one of these axes. Furthermore, we found that these adjustments may vary seasonally, at least along the spatial and trophic dimensions, suggesting that the relationships among coexisting species are not static, but rather a dynamic process. The structural complexity of temperate forests could facilitate coexistence between the pine and stone martens in northern Europe, as pine martens make more intense use of 3-dimensional space than stone martens (Jedrzejewski et al. 1993; Goszczyński et al. 2007) .
In Southern Europe, the competitive exclusion principle has been hypothesized as the main reason for the absence of stone martens in areas of sympatry with pine martens (López-Martín 2003; Rosellini et al. 2008a; Balestrieri et al. 2010a ). However, our results do not support such pattern in our study area. Although we did not observe segregation along the spatial niche axis, we found that under unfavorable conditions (i.e., limiting resources), pine martens adjusted their position along the trophic axis by exploring less profitable resources, leading to niche divergence with stone martens. Further divergence was obtained by adjustments along the temporal niche axis.
Among carnivore species, habitat composition and the availability of feeding resources may influence the relative dominance position in mutual reciprocal relations (Donadio and Buskirk 2006; Ritchie and Johnson 2009) . Furthermore, if the abundant centre hypothesis (Sagarin and Gaines 2002) holds, a species abundance and fitness should decline toward the edge of its range (Sexton et al. 2009 ). Although having a generalist diet, rodents are the staple prey of pine martens all over their European range (Jedrzejewski et al. 1993; de Marinis and Masseti 1995; Zalewski 2005) . Moreover, pine martens exhibit numerical responses to the abundance of forest rodents (Zalewski and Jędrzejewski 2006) , which is inversely related to latitude in the Palearctic region (Jędrzejewski and Jędrzejewska 1996) . Mice (Apodemus spp.) are the preferred prey when bank voles are absent (Jedrzejewski et al. 1993 ). However, mice were the only rodent prey available in our study area (Monterroso et al. 2013) , suggesting that optimum feeding resources for the pine marten are not available there. Furthermore, our study area is affected by Mediterranean influence (Rivas-Martínez et al. 2004; European Environmental Agency 2012) , and roughly coincides with the southern distribution range of the pine marten in the Iberian Peninsula (López-Martín 2007; Kranz et al. 2008 ). This fact also suggests a suboptimal suitability of this rim for the pine marten. However, the well-developed patches of deciduous woodlands (Álvares and Brito 2006) may facilitate the spatial coexistence of the 2 marten species, while providing hotspots of rodent and fruit availability. Being spatially clustered, there is an increased chance for interspecific encounters in these patches, which appear to be minimized by some degree of mutual segregation across the diel cycle, at least during the breeding season. This segregation may be facilitated by the nycthemeral abilities of the pine marten (Clevenger 1993; Zielinski 2000; Zalewski 2001; Monterroso et al. 2014) .
We suggest that the ecological interactions between pine martens and stone martens in the southwestern edge of the formers' range do not need to involve spatial exclusion, as reported over some other areas of its southern range (Rosellini et al. 2008a; Balestrieri et al. 2010a ), but rather by seasonally adjusted changes in feeding resource consumption (trophic axis) and circadian activity patterns (temporal axis). The pine martens' shift to less profitable feeding resources suggests a local competitive dominance of stone martens in the southwestern edge of the formers' range.
Our study is an example of how the interspecific relations among coexisting mesocarnivores should be evaluated using multidimensional approaches and be site specific, encompassing the core and edges of their respective ranges, in order to provide a more comprehensive understanding of how these species adjust their ecological niches to facilitate coexistence. . We thank A. Angerbjörn for his helpful comments and suggestions on an early version of this manuscript, which greatly helped us to improve it. We thank A. Serronha, A. Rebelo, A. Lages, R. Silva, and J. Caro for their assistance during the fieldwork. We acknowledge the staff from Peneda-Gerês National Park for their support during data collection.
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